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SPECIFICATION 

1. Title of the Invention 

Method of Decomposition of Polyester Compounds 

2 . Claims 

A method of decomposition of polyester compounds, comprising 
contacting a lipase, lipase-containing substance or lipase-producing 
microbe to a polyester compound under conditions of 5-85°C temperature 
and pH 3-11. 

3. Detailed Explanation of the Invention 

The present invention relates to a method of biochemically 
decomposing polyester compounds using lipases. 

More specifically, the present invention relates to a method of 
biochemically decomposing polyester resins, which occupy a large portion 
of plastic waste, using lipases, to render the polyester resin waste 
harmless . 

Recently, development of treatment technologies for prevention of 
pollution pursuant to the increase of plastic waste is being hastened. 
Among plastic waste materials, there are resins of various compositions, 
and their treatments also are various, but the most simple method is to 
completely incinerate them. However, having easily incinerated them, it 
continues to be a problem in that it causes secondary pollution due to 
smoke and ash. 

If plastic waste is biochemically decomposed in the soil or at a 
treatment plant in the same manner as paper, there is no problem if the 
plastic waste itself is caused to decompose by being buried in the soil, 
but it is not completely decomposed in the soil, and it remains intact. 
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Therefore, development of methods that can decompose even plastic waste 
by simple biochemical treatment is being hastened. 

The present inventors previously established a method of 
decomposition of fatty polyester compounds using fungal bodies or 
cultures of filiform fungi of the Penicillium genus that can live on 
fatty polyester compounds as simple carbon sources. 

Furthermore, the present inventors continued searches on many 
microbes and many enzymes across a wide range in order to make an 
invention concerning substances that decompose polyesters, upon which it 
was unexpectedly learned that lipase itself has the capability of 
decomposing polyester compounds. 

The present invention was completed based on this new knowledge, 
and it is a method that decomposes polyester compounds by contacting a 
lipase, lipase -containing substance or lipase-producing microbe to a 
polyester compound under conditions of 5-85°C temperature and pH 3-11. 

The main feature of the present invention is in the point that all 
lipase sources such as lipases, lipase-containing substances, and 
lipase-producing microbes decompose polyester compounds. Here, lipase 
includes not only lipases of enzyme classification, but all lipases such 
as esterase which hydrolyzes ester bonds, phospholipase, and 
lysophospholipase . 

As sources of these lipases, there can be mentioned lipases such as 
of Pseudomonas mephitica ribolytica, deposited under Fermentation 
Research Institute No. 520 (FERM-P No. 520) , and Achromobacter iofagasu 
[transliteration] , being bacteria, Candida paralipolytica and Candida 
cylindracea, being yeasts, lipase-producing Mucor, Aspergillus, and 
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Rhizopus, being fungi, seed of Ricinus communis (castor bean) , being a 
plant, and swine pancreas, swine liver, and snake venom, being of 
animals, and with the exception of lipase produced by Pseudomonas 
mephitica lipolytica, all are sold on the market. Also, [the invention] 
is not limited to these sources of lipases. 

For decomposition of polyester compounds in the present invention, 
lipase, crude lipase, lipase -containing substances, and cultures of 
lipase-producing microbes containing lipase go without saying, and 
lipase-producing microbes, lipase-producing microbial colonies, 
activated sewage sludge with high lipase activity, and soil containing 
microbes having high lipase production, and the like, can be used 
effectively. 

When lipase-producing microbes, and the like, are used, the 
addition of a nutritional source is effective for increasing the lipase 
activity. As nutritional sources, for example, in addition to inorganic 
salts, carbon sources such as glucose and starch, and organic nitrogen 
sources such as polypeptone and konsuteiburika [transliteration] , there 
can be mentioned excrement, excrement of domesticated animals, 
agricultural waste, high-BOD waste liquids such as food industry 
wastewater, and urban refuse, and the like. 

In order for lipase to decompose a polyester compound, it is 
desirable that the polyester compound be dispersed as finely as possible 
to increase the surface of contact with the lipase, and as such manners 
of dispersion, there are the thin fibrous manner, the thin filmy manner, 
and the powdery manner, and the like. If the reaction system is liquid, 
it is also possible to suspend the polyester compound in water after 
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having dissolved it in an organic solvent, or heating the polyester 
compound to the melting point or higher and dispersing it in a suspended 
state using a surfactant (for example Plysurf A210G) . Also, those which 
are very difficult to disperse also can be coated with a small carrier 

(for example such as sea sand and glass beads) . 

The temperature when decomposing a polyester compound using lipase 
must be kept at 5-85°C, preferably 20-60°C, and the pH at 3-11, 
preferably 5-8. The decomposition reaction progresses both in a 
solution system and a solid system if there is suitable moisture. 
Ventilation of the reaction system is not necessary only in the case of 
the lipase enzyme itself, but when living microbes or cells are 
included, the reaction is accelerated when doing such. 

As polyester compounds that can be decomposed by lipase, there are 

(1) fatty polyester compounds, (2) polyester compounds containing 
aromatic nuclei, (3) polyester compounds containing fatty rings, (4) 
polyesters containing hetero atoms other than oxygen, (5) copolymer 
polyester compounds having added third ingredients to various polyester 
compounds, (6) polyester carbonate compounds, and blends of one or more 
of (l)-(6) with other polymers or additives or both, and the like. 

Next, a detailed explanation of the present invention is given 
using working examples, and the following methods of examination and 
quantification of the decomposition of polyester compounds in the 
working examples were used. 

(Examination of Decomposition of Polyester Compound) 

The clear zone method used from the past was followed. That is, it 
is a method in which 0.5% of various polyester compounds was suspended 
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to a milky-white condition in 0.02M phosphoric acid buffer using the 
surfactant Plysurf A210G, then 1.5% refined agar was added, and then it 
was sterilized and poured to a fixed thickness in a Petri dish. Also, 
a penicillin cap was placed on top of the hardened agar, 0.2ml of 
various enzyme solutions was added into that, the temperature was kept 
at 3 0°C for 1-2 days, and the extent of decomposition was examined 
according to the presence or absence of transparent [illegible] 
formation. 

(Quantification Method) 

® Total quantity of water-soluble organic carbon: The culture 
solution was filtered with a millipore filter with 0.22/-1 hole size, then 
it was measured using a Toshiba-Beckman Type 915 total organic carbon 
quantity analyzer, 

@ Ethylene glycol: It was measured by the Hanahan method. 
Working Example 1 

A solution (5mg/ml) of lipase produced by Pseudomonas mephitica 
lipolytica FERM-P No. 520 (crude enzyme sample) , a solution (5mg/ml) of 
lipase produced by a near relative of Achromobacter iofagasu 
transliteration] (manufactured by Meito Sangyo, crude enzyme sample 
(market product) ) , a solution (5mg/ml) of lipase produced by Candida 
paralipolytica (manufactured by Meito Sangyo, crude enzyme sample 
(market product) ) , a solution (lmg/ml) of lipase produced by Candida 
cylindracea (manufactured by Meito Sangyo, crude enzyme sample (market 
product) ) , a solution (5mg/ml) of lipase produced by a Mucor species 
(manufactured by Amano Seiyaku, crude enzyme sample (market product) ) , 
a solution (5mg/ml) of lipase produced by an Aspergilllus species 
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(manufactured by Amano Seiyaku, crude enzyme sample (market product) ) , 
a solution (5mg/ml) of lipase produced by a Rhizopus species 

(manufactured by Nagase Sangyo, crude enzyme sample (market product) ) , 
a solution (lmg/ml) of lipase produced by Rhizopus delemar (manufactured 
by Seikagaku Kogyo, ultra-centrifuged sample (market product)), a 
solution (lmg/ml) of lipase produced by Rhizopus arhizus (manufactured 
by Behringer Mannheim Yamanouchi, partially refined sample (market 
product) ) , a solution of lipase from seed of Ricinus communis (castor 
bean) (prepared by method of Ory, et al., crude enzyme sample), a 
solution (5mg/ml) of lipase from swine pancreas (manufactured by Tokyo 
Kasei Kogyo, crude enzyme sample (market product) ) , and a solution 

(lmg/ml) of esterase from swine liver (manufactured by Behringer 
Mannheim Yamanouchi, partially refined sample (market product)) were 
prepared. 

Meanwhile, 0.5% each of polyethylene adipate, polyethylene 
phthalate, and polyethylene terephthalate were suspended to a milky- 
white condition in 0.02M phosphoric acid buffer solution using the 
surfactant Plysurf A210G, then 1.5% refined agar was added, and then it 
was sterilized and poured to a fixed thickness in a Petri dish. Also, 
a penicillin cap was placed on top of the hardened agar, 0.2ml of each 
of the aforementioned enzyme solutions was added into that, the 
temperature was kept at 3 0°C for 1-2 days, and the extent of 
decomposition was examined according to the presence or absence of 
transparent [illegible] formation. 

The results are shown in the following Table 1. 
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TABLE 1 



Enzyme Source 


Capability of Decomposing Polyester 
Compound 


Polyester 
Adipate 

5.6 7.0 


Polyester 
Phthalate 

nH 7 0 


Polyester 
Terephthalate 

nH 7 0 


Pseudomonas mephitica 

lipolytica 

FERM-P No. 520 

UX]JCl.OC 


4. _L 4-4- 


4- 4- 


N T 

IN • J. . 


Achromobacter [iof agasu] 

T . A T^i3 CI O 


+ + + + 


+ 4- 


N.T. 


Candida paralipolytica 

T , A rs^ Q(S 
Jjipd.DC 


+ + 


± 


N.T. 


Candida cylindracea 

J_l _L UdDC 


+ + 


+ 


+ 


Mucor spp . 


+ + 


+ 


+ 


Aspergillus spp. 


± 


+ + 


_ 


Rhizopus spp. 


+ + + 




+ 





Rhizopus delemar 


+ + + 


+ + 


+ + 


Rhizopus arhizus 
Lipase 


+ + + 


+ + 


++ 


Ricinus communis 
Lipase 




+ 


+ 


Swine Pancreas 
Lipase 


± ± 


± 


± 


Swine Liver 
Lipase 






± 



- : decomposition not recognized 
+: decomposition recognized 
++: strong decomposition recognized 
N.T. : not tested 
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From Table 1, it is clear that the lipases decompose the polyester 



compounds . 



Working Example 2 



Decomposition of the thermoplastic resin polycaprolactone was 



performed using the enzyme solutions in Table 2 . 



The reaction ingredients were a total of 35ml with lg powdered 



polycaprolactone, 10ml 0.2M phosphoric acid buffer solution, and 0.5- 



3.2mg of each enzyme sample. These were reacted while shaking at 30°C 



for 16 hours, and the capability of decomposition was examined according 



to the total quantity of water-soluble organic carbon produced. 



The results are shown in Table 2, and strong polycaprolactone- 



decomposing capability was recognized in the lipase of Rhizopus delemar 



and the lipase of Rhizopus arhizus. 



TABLE 2 



Enzyme Source 


Enzyme 
Quantity 


Reaction pH 


Total Organic 
Carbon Content 
Produced 


Aspergillus niger 
Lipase 


1 . Omg 


5.6 


31ppm 


Geotrichum candidum 
Lipase 


1 . Omg 


5.6 


8 " 


Rhizopus delemar 
Lipase 


1 . Omg 


5.6 


177 " 


Rhizopus arhizus 
Lipase 


0 . 5mg 


7.0 


95 " 


Candidum cylindracea 
Lipase 


1 . Omg 


7.0 


22 " 


Wheat Germ 
Lipase 


3 . 2mg 


5.6 


5 " 


Swine Pancreas 

Lipase ] 


1 . Omg 


7.0 


11 » 
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Working Example 3 

Polyethylene adipate was decomposed using lipase produced by 
Rhizopus delemar (manufactured by Seikagaku Kogyo: commercial product) . 

The reaction ingredients consisted of 7.5ml 1% polyethylene adipate 
suspension, 2.0ml 0.2M phosphoric acid buffer solution, and 0.5ml lipase 
solution (Img/ml) , and a shaking reaction was performed at 3 0°C. A 
heat-treated lipase solution was used for the control. 

The result of having measured the turbidity of the reaction 
solution over time, as shown in the attached Figure 1, was that a sudden 
reduction was recognized at the start of the reaction, and it became 
substantially transparent (turbidity was reduced to 1/300 or less) after 
3 hours . 

Working Example 4 

Polycaprolactone (PCL-500 manufactured by Union Carbide) was formed 
into test pieces of 20cm vertically, 2cm horizontally, and 2mm thick, a 
field with high lipase activity was selected as the lipase source, 6 
test pieces were buried in this at a depth of 5- 10cm, and the reduction 
of weight was measured. As controls, test pieces wrapped in aluminum 
foil and buried in soil (Control (1)), those exposed to the atmosphere 
(Control (2)), those placed in a desiccator (Control (3)), and a field 
with low lipase activity (Control (4)) were used. 

The results are shown in Table 3, and it was understood that the 
test pieces were significantly decomposed compared with all of the 
controls . 
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TABLE 3 





Weight Reduction 


1 Month 


2 Months 


3 Months 


5 Months 


Test Piece (Average) 


3 02 .3mg 


873 .4mg 


1482 . 7mg 


3262 . 8mg 


Control (1) 


-1 . 4mg 


9 , 8mg 


24 . 8mg 


34 . 2mg 


Control (2) 


31 . 9mg 


74 .4mg 


111 . 3mg 


132 . 7mg 


Control (3) 


3 2 . 7mg 


3 1 . Omg 


3 8 . 7mg 


41 . 8mg 


Control (4) 


32 . 5mg 


50 . 2mg 


76 .4mg 


98 . 3mg 



Working Example 5 

Activated sewage sludge with increased lipase activity was 
prepared, this was thrown into an air seasoning tank with MLSS (floating 
substance in mixed solution) kept at 4Q00-6000ppm, 6 test pieces (20cm 
vertically, 2cm horizontally, 2mm thick) of polycaprolactone 
(manufactured by Union Carbide: PCL-500) fixed to stainless steel cages 
were put in, and the weight reduction was measured at room temperature. 

The results are shown in Table 4, and it was understood that the 
test pieces were significantly decomposed in the activated sewage sludge 
with increased lipase activity compared to ordinary activated sewage 
sludge . 



TABLE 4 





Weight Reduction (mg) 


1 Month 


2 Months 


After 3 Months 


Activated Sewage Sludge with 
Increased Lipase Activity 


578 .2 


1393.4 


2047.5 


Ordinary Activated Sewage 
Sludge 


134 .5 


387.0 


412 .1 
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Working Example 6 

A film having blended polycaprolactone and polyvinyl acetate was 
created, it was buried in a field with high lipase activity being 
selected as the lipase source, and the weight reduction of the film was 
measured. 

The control was one wrapped in aluminum foil and buried in soil. 
As a result, compared with the control in which there was no weight 
reduction recognized at all in a three-hour test, the test film had a 
weight reduction of 6% in the first month, the film was decomposed in 
the third month, and measurement of the weight was difficult. 

Thus, it is clear that lipase has the capability of decomposing 
plastic having blended a polyester composition with another polymer. 
4 . Brief Explanation of the Drawing 

The figure is a drawing showing the decomposition of polyethylene 
adipate using a lipase produced by Rhizopus delemar. 
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CD 



Figure 



[upper horizontal:] Decomposition of Polyethylene Adipate 
[upper curve : ] Control 

[lower horizontal:] Reaction Time (minutes) 
[vertical:] Turbidity (O.D. at 66Q(im) 
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